publicado na web em 18/01/2018 pH-Zone-refining counter-current chromatography (PZRCCC) was successfully used for preparative separation isoquinoline alkaloids from Phellodendri Cortex. Two target compounds of berberine and palmatine were completely resolved by a two-phase solvent system chloroform/methanol/water (4:2:2, v/v), with 10 mmol L -1 HCl in upper stationary phase and 10 mmol L -1 TEA in lower organic phase. From 2.0 g of the crude alkaloids, palmatine (448 mg, 95.1%) and berberine (159 mg, 95.4%) were obtained in one-step PZRCCC separation. The chemical structures were identified by ESI-MS and NMR data. The results indicated that PZRCCC separation is an excellent preparative separation method for isoquinoline alkaloids from Phellodendri Cortex.
INTRODUCTION
Phellodendri Cortex, known as "Guan Huang Bai" in Chinese, is a well-known oriental folk medicine of China. It is obtained from the dried trunk bark of Phellodendron amurense Rupr. and widely spread in North and Northeast of China. Phellodendri Cortex has been widely used as a common anti-inflammatory drug in various diseases, such as protecting neurodegenerative human brain diseases, inflammatory induced by 12-O-tetradecanoylphorbol-acetate, human osteoarthritic cartilage and chondrocytes. [1] [2] [3] [4] Recent studies revealed that Phellodendri Cortex had potential effects on anti-diarrhea, infectious pulmonary disease, neuroprotective effect, inhibiting prostatic contractility and tumor cell proliferation. [5] [6] [7] [8] [9] [10] The major chemical constituents of Phellodendri Cortex are isoquinoline alkaloids, such as palmatine and berberine. The two compounds are used as the phytochemical marker for the quality control of Phellodendri Cortex in Chinese Pharmacopoeia. 11 Besides the function of anti-inflammatory, berberine has the functions of hepatoprotection, improving cognitive impairment, treating atherosclerosis, protecting against neurotoxicity, anti-diabetic nephropathy effect. [12] [13] [14] [15] [16] [17] [18] [19] [20] Palmatine also has broad biological activities, such as hepatoprotective effect, anti-breast cancer, chondroprotective and cardioprotective effect, etc. [21] [22] [23] [24] [25] Previously, isoquinoline alkaloids from Phellodendri Cortex were isolated and purified by conventional techniques, such as polyamide chromatography, sephadex LH-20, SI and silica gel column chromatography, which were a waste of organic solvent, tedious, time-consuming. [26] [27] [28] [29] Thus, effective separation methods for isoquinoline alkaloids from Phellodendri Cortex are of great importance.
High-speed counter-current chromatography (HSCCC) has now been widely applied in the separation of various compounds, as a liquid-liquid partition chromatography. As a special separation mode of HSCCC, pH-zone-refining counter-current chromatography (PZRCCC), which was introduced as a large-scale preparative chromatography, has been successfully applied for the largescale separation of organic acids and alkaloids. [30] [31] [32] [33] [34] PZRCCC is characteristic of higher sample loading capacity, higher concentration and purity of the collected fractions, and higher enrichment efficiency of minor compounds.
The present paper describes the successful separation isoquinoline alkaloids from Phellodendri Cortex by PZRCCC, as well as the optimized of some critical parameters of PZRCCC. The chemical structures were elucidated by ESI-MS and NMR spectroscopic analyses (shown in Figure 1 ).
EXPERIMENTAL Apparatus
The HSCCC separation was carried out on a TBE-300A (Tauto Biotechnique, Shanghai, China), which was equipped with a 300 mL PTFE multilayer coil (diameter of the PTFE tube as 1.6 mm) as well as a 20 mL manual sample loop. The rotation speed of the column coil could be adjustable from 0 to 1000 rpm. The HSCCC apparatus was also equipped with four other instrument modules, including a TBP-5002 constant-flow pump (Tauto Biotechnique, Shanghai -90 o C), n-hexane, ethyl acetate, methanol, ammonia solution, chloroform, HCl, triethylamine (TEA) and ammonium chloride were analytical grade (Sinopharm Chemical Reagent Co., Ltd, Shanghai, China). Acetonitrile used in HPLC analysis were of HPLC grade (Fisher Scientific, Fair Lawn, NJ, USA). The water used was deionized by an osmosis Milli-Q system (Millipore, Bedford, MA, USA).
Phellodendri Cortex, the dried trunk bark of Phellodendron amurense Rupr., was obtained from Jian-lian TCM store and identified by Dr Li Jia (College of Pharmacy, Shandong University of Traditional Chinese Medicine, China).
Sample preparation
Phellodendri Cortex (500 g) was grounded and sieved to 40-60 mesh. The powder was extracted with a reflexing method by 70% ethanol (3 times, 2 h each time). The extraction solution was filtrated, combined and removed the ethanol by reduced pressure distillation (40 o C). Then, the left of sample water solution was extracted with equal volume petroleum ether 3 times and adjusted to pH 9 with dilute ammonia solution.
The alkaline sample aqueous solution was extracted with equal volume 3 times. After chloroform removed by reduced pressure distillation (40 o C), 21 g total alkaloids from Phellodendri Cortex was obtained for further isolation and purification.
Preparation of solvent systems and sample solutions
A two phase solvent system composed of chloroform/methanol/ water (4:2:2, v/v) was set in a separating funnel. After shocked sufficiently, the two solvent systems were divided into two phases for further experiment. The upper phase was adjusted to 10 mmol L -1 HCl (stationary phase). The lower phase was as mobile with 10 mmol L -1 TEA. 2.0 g of the total alkaloids from Phellodendri Cortex was dissolved in 10 mL of acidified upper phase and 10 mL of without alkaline lower phase.
PZRCCC separation
The multiplayer coiled column was full of the upper phase at 30.0 mL/min, and then sample solutions were injected into the sample port. The instrument was set at 850 rpm and the mobile phase was pumped into the column at 2.0 mL/min. Fractions were collected manually every five minutes with monitor at 254 nm. After the separation finished, the solvent in the column was blowout with an air compressor. The retention of the stationary phase was defined as the upper volume divided by the total volume.
Analysis and identification of PZRCCC peak fractions
The total alkaloids from Phellodendri Cortex and each collected fractions of PZRCCC were analyzed by HPLC with a Waters Symmetry C 18 column (250 mm × 4.6 mm, i.d. 5 μm). The mobile phases were composed of acetonitrile (A) and 0.4 M ammonium chloride solution (B). Gradient elution mode was set as follows: 0-25 min for 5-43% A, 25-50 min for 43-90% A. The detection wavelength was monitored at 254 nm. The injection volume and flow-rate were set at 10 μm and 1.0 mL/min.
The identification of HSCCC peak fractions were performed by ESI-MS experiments on an Agilent 6520 Q-TOF (Agilent, Santa Clara, CA, USA) and NMR spectra were performed on a Bruker AV-400 spectrometer (Bruker BioSpin, Rheinstetten, Germany) with TMS as an internal standard.
RESULTS AND DISCUSSION

Optimization of HPLC condition
In reversed phase HPLC, the pH value and composition of mobile phase are the crucial factor in alkaloids analysis. Alkaloids with different pKa values are influenced by the pH value of the solution. If the pH value is out of pKa±2, the retention time is stabilized. 35, 36 In the process of optimization HPLC condition, a series of solvent system was optimized, including acetonitrile/20 mmol L -1 phosphoric acid solution (pH=2.1), acetonitrile/50 mmol L -1 potassium dihydrogen phosphate solution (pH=4.6) and acetonitrile/50 mmol L -1 ammonium chloride solution (pH=5.3). When acetonitrile/50 mmol L -1 ammonium chloride solution was used as the basic solution, a good separation could be obtained. When gradient elution mode was set as 0-25 min for 5-43% A, 25-50 min for 43-90% A, the retention time and peak shape were proper.
Optimization of PZRCCC conditions
The isoquinoline alkaloids in Phellodendri Cortex are quaternary ammonium type and the most polar type of alkaloids. These kinds of alkaloid are soluble both in acid and base state. Figure 2B , the retention of stationary was 50%, and the two compounds were fully separated. 448 mg of Palmatine and 159 mg of berberine were obtained in one-step separation, with the purities of 95.1% and 95.4% as determined by HPLC, respectively ( Figure 2B and 2C) . 
The structural identification
The chemical structures of alkaloids from Phellodendri Cortex were identified by comparison of their spectroscopic data reported, including ESI-MS and NMR data. 
CONCLUSION
In the present study, an efficient PZRCCC separation was used to preparative separate isoquinoline alkaloids from Phellodendri Cortex. In PZRCCC separation, a two-phase solvent system chloroform/ methanol/water (4:2:2, v/v) was used, with 10 mmol L -1 HCl in Figure 3B ) purified with PZRCCC; (C) HPLC analysis and UV spectrum of the palmatine (1 in Figure 3B) upper stationary phase and 10 mmol L -1 TEA in lower organic phase. Two compounds of palmatine and berberine with high purities were obtained in one-step PZRCCC separation. As isoquinoline alkaloids are quaternary ammonium type and easily soluble in water and chloroform. Traditional solvent system of n-Hex-EtOAc-MeOH-H 2 O is not fit to separate the polar type of alkaloids. In series of solvent of chloroform/methanol/water, the K D -values in acid and base state are the crucial factor. If the K D -values are smaller in base state and bigger in acid base state, a good separation effect can be obtained. The present method proved to be efficient to separate isoquinoline alkaloids with high polarity. This developed methodology could be applied to rapidly separate preparative pure compounds in further research from Phellodendri Cortex and its alkaloids. It also could be used to obtain compounds for biological studies.
